United States Patent

US007224436B2

(12) 10) Patent No.: US 7,224,436 B2
Derksen et al. 45) Date of Patent: *May 29, 2007
(54) LITHOGRAPHIC APPARATUS AND DEVICE (51) Imt.CL
MANUFACTURING METHOD GO3B 27/42 (2006.01)
GO03B 27/52 (2006.01)
(75) Inventors: Antonius Theodorus Anna Maria (52) US.Cl .o 355/53,355/30, 355/63
Derksen, Eindhoven (NL); Sjoerd (58) Field of Classification Search .................. 355/55,
Nicolaas Lambertus Donders, 355/53, 30, 63, 72,75, 77, 250/548,292.2;
’S-Hertogenbosch (NL); Christiaan 359/380
Alexander Hoogendam, Veldhoven See application file for complete search history.
(NL); Joeri Lof, Eindhoven (NL); Erik (56) References Cited
Roelof Loopstra, Heeze (NL); Jeroen
Johannes Sophia Maria Mertens, U.S. PATENT DOCUMENTS
Duizel (NL); Johannes Catharinus 3,573,975 A 4/1971 Dhaka et al. ............... 1171212
Hubertus Mulkens, Maastricht (NL); 3,648,587 A 31972 SEEVEnS ..oovoroooiiririnrrns 95/44
Timotheus Franciscus Sengers, )
’S-Hertogenbosch (NL); Alexander (Continued)
Straaijer, Eindhoven (NL); Bob
Streefkerk, Tilburg (NL) FOREIGN PATENT DOCUMENTS
DE 206 607 2/1984
(73) Assignee: E?\ISI%IL Netherlands B.V., Veldhoven (Continued)
OTHER PUBLICATIONS
(*) Notice: Subject to any disclaimer, the term of this L :
. . European Office Action issued in EP03 257 071.5—2222 dated Feb.
patent is extended or adjusted under 35 20. 2006
US.C. 154(b) by 0 days. EP Search Report for EP 02257938 dated Sep. 25, 2003.
. . . . . M. Switkes et al., “Immersion Lithography at 157 nm”, MIT
This patent is subject to a terminal dis- [ jpcoln Lab, Orlando Jan. 2001, Dec. 17, 2001.
claimer. M. Switkes et al., “Immersion Lithography at 157 nm”, J. Vac. Sci.
Technol. B., vol. 19, No. 6, Nov-Dec. 2001, pp. 2353-2356.
(21) Appl. No.: 11/375,039 .
(Continued)
(22)  Filed: Mar. 15, 2006 Primary Examiner—Peter B. Kim
(65) Prior Publication Data (74) Attorney, Agent, or Firm—Pillsbury Winthrop Shaw
Pitman, LLP
US 2006/0176458 Al Aug. 10, 2006
57 ABSTRACT
Related U.S. Application Data . . L L.
) ] o In a lithographic projection apparatus, a liquid supply sys-
(63) Continuation of application No. 10/705,785, filed on e provides liquid in a space between the final element of
Nov. 12, 2003, now Pat. No. 7,075,616. the projection system and the substrate of the lithographic
. L L. projection apparatus. A shutter member is provided to con-
(30) Foreign Application Priority Data tain liquid in the liquid supply system during, for example,
Nov. 12,2002  (EP)  ovvveieivcececicrce 02257822 substrate exchange.
Jun. 9, 2003 (EP) e 03253636
Jun. 26,2003  (EP) oo 03254059 21 Claims, 5 Drawing Sheets
12
150
PL
w

11
1t

—_— e P —

WT



US 7,224,436 B2

Page 2
U.S. PATENT DOCUMENTS WO WO 03/077037 9/2003
WO W02004/019128 3/2004
4,346,164 A 8/1982 Tabarelli et al. ............ 430/311 WO WO 2004/053596 A2 6/2004
4,390,273 A 6/1983 Loebach et al. WO WO 2004/053950 Al 6/2004
4,396,705 A 8/1983 Akeyama et al. ........... 430/326 WO WO 2004/053951 Al 6/2004
4,480,910 A 11/1984 Takanashi et al. ... ... 355/30 WO WO 2004/053952 Al 6/2004
4,509,852 A 4/1985 Tabarelli et al. ........ .. 355/30 WO WO 2004/053953 Al 6/2004
5,040,020 A 8/1991 Rauschenbach et al. ...... 355/53 WO WO 2004/053954 Al 6/2004
5,121,256 A 6/1992 Corle et al. .......... 359/664 WO WO 2004/053955 Al 6/2004
5,610,683 A 3/1997 Takahashi ... 355/53 WO WO 2004/053956 Al 6/2004
5,715,039 A 2/1998 Fukuda et al. 355/53 WO WO 2004/053957 Al 6/2004
5,825,043 A 10/1998 Suwa ......... 250/548 WO WO 2004/053958 Al 6/2004
5,900,354 A 5/1999 Batchelder .. 430/395 WO WO 2004/053959 Al 6/2004
6,191,429 Bl 2/2001 Suwa ....cceoeeiriiieeennn. 250/548 WO WO 2004/055803 Al 7/2004
6,236,634 Bl 52001 Lee et al. WO WO 2004/057589 Al 7/2004
6,560,032 B2 5/2003 Hatano .............cceeee.e. 359/656 WO WO 2004/057590 Al 7/2004
6,600,547 B2 7/2003 Watson et al. WO 2004/090577 10/2004
6,603,130 Bl 8/2003 Bisschops et al. ....... 250/492.1 WO 2004-093130 A2 10/2004
6,633,365 B2 10/2003 Suenaga ..........ccccceeeee. 355/53
6,952,253 B2 10/2005 Lof et al. OTHER PUBLICATIONS
6,954,256 B2  10/2005 Flagello et al. M. Switkes et al., “Immersion Lithography: Optics for the 50 nm
7,009,682 B2 3/2006 Bleeker Node”. 157 An -1 Sep. 4. 2002
ode”, vers-1, Sep. 4, .
2002/0020821 Al 212002 VM} Santen et al. B.J. Lin, “Drivers, Prospects and Challenges for Immersion Lithog-
2002/0163629 Al  11/2002 Switkes et al. ............... 355/53 raphy”, TSMC, Inc., Sep. 2002.
2003/0123040 Al 7/2003 - Almogy S - 355/69 B.J. Lin, “Proximity Printing Through Liquid”, IBM Technical
2003/0174408 Al 9/2003 Rostalski et al. ........... 359/642 Disclosure Bulletin, vol. 20, No. L1B, Apr. 1978, p. 4997.
2004/0000627 Al 1/2004 - Schuster B.J. Lin, “The Paths To Subhalf-Micrometer Optical Lithography”,
20°4j°°21844 Al 2j2°°4 Suenaga SPIE vol. 922, Optical/Laser Microlithography ( 1988), pp. 256-269.
;883 /8?83523 2} g /5883 Iéml t al G.W.W. Stevens, “Reduction of Waste Resulting from Mask
ppie et al. Defects”, Solid State Technology, Aug. 1978, vol. 21 008, pp.
2004/0119954 Al 6/2004 Kawashima et al. 68-72.
2004/0125351 Al 712004 Krautschlk S. Owa et al., “Immersion Lithography; its potential performance
2004/0135099 Al 7/2004 Simon et al. and issues”, SPIE Microlithography 2003, 5040-186, Feb. 27, 2003.
2004/0136494 Al 7/2004 Lof et al. S. Owa et al., “Advantage and Feasibility of Immersion Lithogra-
2004/0160582 Al 8/2004 Lof et al. »
2004/0165159 Al 8/2004 Lof et al. IEI}.‘IZ ’I;f"c'. S.PIEE5040 (éoos})l' “Investor Relations Nikon’s Real
2004/0263809 Al 12/2004 Nakano S;hf:i‘onrs‘ff‘;‘/f;; U5 Do eviorReions RITOR s Bed
5882//8??8;% 2} ggggg I;ggfgi (Lin; tezlal' H. Ka\yata et al., “Optical Projection Lit.hograp}.ly using Len.ses wit.h
2005/0132914 Al 6/2005 Mulkens et al. feiﬁigcgl(g%‘;r)t’“f; g}lre;ger than Unity”, Microelectronic Engi-
%882;8332}‘; 2} ggggg g?ﬁniigzneftafl' J.A. Hoffnagle et al., “Liquid Immersion Deep-Ultraviolet
- ' Interferometric Lithography”, J. Vac. Sci. Technol. B., vol. 17, No.
2005/0175940 Al 8/2005 Dierichs 6, Nov./Dec. 1999, pp. 3306-3309
2005/0264778 Al  12/2005 Lof et al. ’ ; ' T .

FOREIGN PATENT DOCUMENTS

DE 221 563
DE 224448
DE 242880
EP 0023231
EP 0418427
EP 1039511
FR 2474708
JP 58-202448
JP 62-065326
JP 62-121417
JP 63-157419
JP 04-305915
JP 04-305917
JP 06-124873
JP 07-132262
JP 07-220990
JP 10-228661
JP 10-255319
JP 10-303114
JP 10-340846
JP 11-176727
JP 2000-058436
JP 2001-091849
JP 2004-193252
WO WO 99/49504
WO WO 03/077036

4/1985
7/1985
2/1987
2/1981
3/1991
9/2000
7/1981
11/1983
3/1987
6/1987
6/1988
10/1992
10/1992
5/1994
5/1995
8/1995
8/1998
9/1998
11/1998
12/1998
7/1999
2/2000
4/2001
7/2004
9/1999
9/2003

B.W. Smith et al., “Immersion Optical Lithography at 193nm”,
Future Fab International, vol. 15, Jul. 11, 2003.

H. Kawata et al., “Fabrication of 0.2um Fine Patterns Using Optical
Projection Lithography with an Oil Immersion Lens”, Jpn. J. Appl.
Phys. vol. 31 (1992), pp. 4174-4177.

G. Owen et al., “1/8um Optical Lithography”, J. Vac. Sci. Technol.
B., vol. 10, No. 6, Nov./Dec. 1992, pp. 3032-3036.

H. Hogan, “New Semiconductor Lithography Makes a Splash”,
Photonics Spectra, Photonics TechnologyWorld, Oct. 2003 Edition,
pp. 1-3.

S. Owa and N. Nagasaka, “Potential Performance and Feasibility of
Immersion Lithography”, NGL Workshop 2003, Jul. 10, 2003, Slide
No. 1-33.

S. Owa et al., “Update on 193nm immersion exposure tool”, Litho
Forum, International SEMATECH, Los Angeles, Jan. 27-29, 2004,
Slide No. 1-51.

H. Hata, “The Development of Immersion Exposure Tools”, Litho
Forum, International SEMATECH, Los Angeles, Jan. 27-29, 2004,
Slide No. 1-22.

T. Matsuyama et al., “Nikon Projection Lens Update”, SPIE
Microlithography 2004, 5377-65, Mar. 2004.

“Depth-of-Focus Enhancement Using High Refractive Index Layer
on the Imaging Layer”, IBM Technical Disclosure Bulletin, vol. 27,
No. 11, Apr. 1985, p. 6521.

A. Suzuki, “Lithography Advances on Multiple Fronts”, EEdesign,
EE Times, Jan. 5, 2004.

B. Lin, The k; coefficient in nonparaxial A/NA scaling equations for
resolution, depth of focus, and immersion lithography, J. Microlith.,
Microfab., Microsyst. 1(1):7-12 (2002).



U.S. Patent May 29, 2007 Sheet 1 of 5 US 7,224,436 B2

Fig. 1 LA
<V|2 IMA fM' Y Y P
E Vv J”—
, - AM
{ 1
\

C-// L —IN
é é: :, CO
MA

W
S
((/ \\g yd
clclc]c|N | ~PL
clclefe]l) e ] ‘ &L
(’éc clc é/’) T w
c RF
YA\\—’/ ( \\ [\ ]
D) 1
X ]mm
IF Q
I
Fig. 2
PL
13 it 111 i 13
14 n

15% IIIIII ”” k ]
16 w 12
5



U.S. Patent

12

.

T

-~
—I

C

i

May 29, 2007

¥

N

Sheet 2 of 5

PL

-

"™

150

Fig. 4

US 7,224,436 B2

\WT




U.S. Patent May 29, 2007 Sheet 3 of 5 US 7,224,436 B2

Fig. 5




U.S. Patent May 29, 2007 Sheet 4 of 5 US 7,224,436 B2

Fig. 7

PL

1
1==x

N
150 250

Fig. 8 /150

300



U.S. Patent May 29, 2007 Sheet 5 of 5 US 7,224,436 B2

Fig. 9
—

WT

Fig. 10

ouT (L

i

| i
L = - =n
-

OouT




US 7,224,436 B2

1

LITHOGRAPHIC APPARATUS AND DEVICE
MANUFACTURING METHOD

This application is a continuation of U.S. patent applica-
tion Ser. No. 10/705,785, filed Nov. 12, 2003 now U.S. Pat.
No. 7,075,616, which claims priority from European patent
applications EP 02257822.3, filed Nov. 12, 2002, EP
03253636.9, filed Jun. 9, 2003, and EP 03254059.3, filed
Jun. 26, 2003, all herein incorporated in their entirety by
reference.

FIELD
The present invention relates to immersion lithography.

BACKGROUND

The term “patterning device” as here employed should be
broadly interpreted as referring to means that can be used to
endow an incoming radiation beam with a patterned cross-
section, corresponding to a pattern that is to be created in a
target portion of the substrate; the term “light valve” can also
be used in this context. Generally, the said pattern will
correspond to a particular functional layer in a device being
created in the target portion, such as an integrated circuit or
other device (see below). Examples of such a patterning
device include:

A mask. The concept of a mask is well known in lithog-
raphy, and it includes mask types such as binary,
alternating phase-shift, and attenuated phase-shift, as
well as various hybrid mask types. Placement of such
a mask in the radiation beam causes selective trans-
mission (in the case of a transmissive mask) or reflec-
tion (in the case of a reflective mask) of the radiation
impinging on the mask, according to the pattern on the
mask. In the case of a mask, the support structure will
generally be a mask table, which ensures that the mask
can be held at a desired position in the incoming
radiation beam, and that it can be moved relative to the
beam if so desired.

A programmable mirror array. One example of such a
device is a matrix-addressable surface having a vis-
coelastic control layer and a reflective surface. The
basic principle behind such an apparatus is that (for
example) addressed areas of the reflective surface
reflect incident light as diffracted light, whereas unad-
dressed areas reflect incident light as undiffracted light.
Using an appropriate filter, the said undiffracted light
can be filtered out of the reflected beam, leaving only
the diffracted light behind; in this manner, the beam
becomes patterned according to the addressing pattern
of the matrix-addressable surface. An alternative
embodiment of a programmable mirror array employs
a matrix arrangement of tiny mirrors, each of which can
be individually tilted about an axis by applying a
suitable localized electric field, or by employing piezo-
electric actuation means. Once again, the mirrors are
matrix-addressable, such that addressed mirrors will
reflect an incoming radiation beam in a different direc-
tion to unaddressed mirrors; in this manner, the
reflected beam is patterned according to the addressing
pattern of the matrix-addressable mirrors. The required
matrix addressing can be performed using suitable
electronic means. In both of the situations described
hereabove, the patterning device can comprise one or
more programmable mirror arrays. More information
on mirror arrays as here referred to can be gleaned, for

20

25

30

35

40

45

50

55

60

65

2

example, from U.S. Pat. Nos. 5,296,891 and 5,523,193,
and PCT patent applications WO 98/38597 and WO
98/33096, which are incorporated herein by reference.
In the case of a programmable mirror array, the said
support structure may be embodied as a frame or table,
for example, which may be fixed or movable as
required.

A programmable LCD array. An example of such a
construction is given in U.S. Pat. No. 5,229,872, which
is incorporated herein by reference. As above, the
support structure in this case may be embodied as a
frame or table, for example, which may be fixed or
movable as required.

For purposes of simplicity, the rest of this text may, at
certain locations, specifically direct itself to examples
involving a mask and mask table; however, the general
principles discussed in such instances should be seen in the
broader context of the patterning device as hereabove set
forth.

Lithographic projection apparatus can be used, for
example, in the manufacture of integrated circuits (ICs). In
such a case, the patterning device may generate a circuit
pattern corresponding to an individual layer of the IC, and
this pattern can be imaged onto a target portion (e.g.
comprising one or more dies) on a substrate (silicon wafer)
that has been coated with a layer of radiation-sensitive
material (resist). In general, a single wafer will contain a
whole network of adjacent target portions that are succes-
sively irradiated via the projection system, one at a time. In
current apparatus, employing patterning by a mask on a
mask table, a distinction can be made between two different
types of machine. In one type of lithographic projection
apparatus, each target portion is irradiated by exposing the
entire mask pattern onto the target portion at one time; such
an apparatus is commonly referred to as a wafer stepper. In
an alternative apparatus—commonly referred to as a step-
and-scan apparatus—each target portion is irradiated by
progressively scanning the mask pattern under the projection
beam in a given reference direction (the “scanning” direc-
tion) while synchronously scanning the substrate table par-
allel or anti-parallel to this direction; since, in general, the
projection system will have a magnification factor M (gen-
erally<1), the speed V at which the substrate table is scanned
will be a factor M times that at which the mask table is
scanned. More information with regard to lithographic
devices as here described can be gleaned, for example, from
U.S. Pat. No. 6,046,792, incorporated herein by reference.

In a manufacturing process using a lithographic projection
apparatus, a pattern (e.g. in a mask) is imaged onto a
substrate that is at least partially covered by a layer of
radiation-sensitive material (resist). Prior to this imaging
step, the substrate may undergo various procedures, such as
priming, resist coating and a soft bake. After exposure, the
substrate may be subjected to other procedures, such as a
post-exposure bake (PEB), development, a hard bake and
measurement/inspection of the imaged features. This array
of procedures is used as a basis to pattern an individual layer
of a device, e.g. an IC. Such a patterned layer may then
undergo various processes such as etching, ion-implantation
(doping), metallization, oxidation, chemo-mechanical pol-
ishing, etc., all intended to finish off an individual layer. If
several layers are required, then the whole procedure, or a
variant thereof, will have to be repeated for each new layer.
Eventually, an array of devices will be present on the
substrate (wafer). These devices are then separated from one
another by a technique such as dicing or sawing, whence the
individual devices can be mounted on a carrier, connected to
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pins, etc. Further information regarding such processes can
be obtained, for example, from the book “Microchip Fab-
rication: A Practical Guide to Semiconductor Processing”,
Third Edition, by Peter van Zant, McGraw Hill Publishing
Co., 1997, ISBN 0-07-067250-4, incorporated herein by
reference.

For the sake of simplicity, the projection system may
hereinafter be referred to as the “lens”; however, this term
should be broadly interpreted as encompassing various types
of projection system, including refractive optics, reflective
optics, and catadioptric systems, for example. The radiation
system may also include components operating according to
any of these design types for directing, shaping or control-
ling the projection beam of radiation, and such components
may also be referred to below, collectively or singularly, as
a “lens”. Further, the lithographic apparatus may be of a type
having two or more substrate tables (and/or two or more
mask tables). In such “multiple stage” devices the additional
tables may be used in parallel, or preparatory steps may be
carried out on one or more tables while one or more other
tables are being used for exposures. Dual stage lithographic
apparatus are described, for example, in U.S. Pat. No.
5,969,441 and PCT patent application WO 98/40791, incor-
porated herein by reference.

It has been proposed to immerse the substrate in the
lithographic projection apparatus in a liquid having a rela-
tively high refractive index, e.g. water so as to fill a space
between the final element of the projection system and the
substrate. The point of this is to enable imaging of smaller
features as the exposure radiation will have a shorter wave-
length in the liquid. (The effect of the liquid may also be
regarded as increasing the effective NA of the system and
also increasing the depth of focus.)

However, submersing the substrate or substrate and sub-
strate table in a bath of liquid (see for example U.S. Pat. No.
4,509,852, hereby incorporated in its entirety by reference)
may mean that there is a large body of liquid that must be
accelerated during a scanning exposure. This may require
additional or more powerful motors and turbulence in the
liquid may lead to undesirable and unpredictable effects.

One of the solutions proposed is for a liquid supply
system to provide liquid on only a localized area of the
substrate and in between the final element of the projection
system and the substrate (the substrate generally has a larger
surface area than the final element of the projection system).
One way which has been proposed to arrange for this is
disclosed in PCT patent application WO 99/49504, hereby
incorporated in its entirety by reference. As illustrated in
FIGS. 9 and 10, liquid is supplied by at least one inlet IN
onto the substrate, preferably along the direction of move-
ment of the substrate relative to the final element, and is
removed by at least one outlet OUT after having passed
under the projection system. That is, as the substrate is
scanned beneath the element in a -X direction, liquid is
supplied at the +X side of the element and taken up at the -X
side. FIG. 9 shows the arrangement schematically in which
liquid is supplied via inlet IN and is taken up on the other
side of the element by outlet OUT which is connected to a
low pressure source. In the illustration of FIG. 9 the liquid
is supplied along the direction of movement of the substrate
relative to the final element, though this does not need to be
the case. Various orientations and numbers of in- and
out-lets positioned around the final element are possible, one
example is illustrated in FIG. 10 in which four sets of an
inlet with an outlet on either side are provided in a regular
pattern around the final element.
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SUMMARY

With such and other arrangements for providing liquid on
only a localized area of the substrate, the substrate itself acts
to contain the liquid of the liquid supply system in a space
between the final element of the projection system and the
substrate. If the substrate is removed (for example, during
substrate exchange) and no other measures are taken, the
liquid will run out of the liquid supply system. Clearly this
is a situation which is to be avoided. The liquid can be
removed from the space before the substrate is moved.
However, as the residue of liquid which is inevitably left
behind when the liquid supply system is emptied of liquid,
dries, drying spots may be left behind on elements of the
projection system which were immersed in the liquid during
exposure. This may be clearly detrimental to the continuing
high performance of the projection system. Also, on refilling
the space with liquid, it may be hard to avoid the formation
of bubbles. Filling of the space with liquid will also take
time and may reduce throughput time.

Accordingly, it may be advantageous to provide, for
example, a lithographic projection apparatus in which
immersion lithography can be performed and in which
removing liquid from the liquid supply system during sub-
strate exchange can be avoided or reduced.

According to an aspect, there is provided a lithographic
projection apparatus comprising:

a support structure configured to hold a patterning device,
the patterning device configured to pattern a beam of radia-
tion according to a desired pattern;

a substrate table configured to hold a substrate;

a projection system configured to project the patterned
beam onto a target portion of the substrate;

a liquid supply system configured to provide an immer-
sion liquid, through which said beam is to be projected, in
a space between said projection system and said substrate;
and

a shutter configured to keep said projection system in
contact with liquid when said substrate is moved away from
under said projection system.

In this way drying marks on the projection system can be
avoided. This solution is ideal for a localized area liquid
supply system which provides immersion liquid to only a
localized area of the substrate. One arrangement could
involve one or more jets to project liquid onto the projection
system during substrate swap.

In an embodiment, there is provided a shutter positionable
on a side of said liquid supply system opposite said projec-
tion system such that liquid can be confined in said liquid
supply system and between said projection system and said
shutter. With this arrangement, for example, the shutter can
be moved under the liquid supply system after exposure of
the substrate in order to contain the immersion liquid. The
substrate may then be moved from the substrate table
without substantially losing liquid from the liquid supply
system, because the shutter takes the place of the substrate
and is of a size equal to or greater than the localized area so
that liquid can’t substantially escape between the projection
system and the shutter.

In an embodiment, the shutter comprises a surface of said
substrate table. With this arrangement, the substrate table is
moved after exposure to a position at which the substrate
may be removed but also to a position at which the shutter
is positioned over the liquid supply system. A seal, such as
a gas seal, which can also be used to seal a liquid confine-
ment structure that extends along at least a part of the
boundary of said space to contain liquid and that forms an
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aperture for said patterned beam to pass through to the
substrate during exposure, can remain activated to seal
between the liquid supply system and the shutter. The shutter
blocks the aperture. Alternatively, the shutter may be raised
relative to the structure to abut the structure and the seal can
then be de-activated.

In an embodiment, the shutter is separable from the
remainder of the apparatus. It is also movable relative to the
remainder of the apparatus. That is, the shutter is relatively
small, perhaps shaped like a plate, and not permanently
attached to other parts of the apparatus. In this embodiment,
the substrate table can be moved completely away from the
liquid supply system after exposure as the shutter is posi-
tioned over the liquid supply system and is independent of
the substrate table. In this embodiment the shutter can be
carried by the substrate table during exposure and to this end
the shutter and/or the substrate table has or have a holding
device configured to releasably hold the shutter to the
substrate table. Also, an attachment device may be provided
to releasably attach the shutter to the liquid supply system.
The attachment device or the holding device may comprise
a magnet to generate the force required to attach or hold.
Alternatively, those devices may comprise a vacuum outlet
configured to attract the shutter to the substrate table and/or
the liquid supply system. In the case of the attachment
device, use may be made of a gas seal configured to seal
between the liquid supply system and the substrate during
exposure in order to provide the force to attach the shutter
to the liquid supply system.

In an embodiment, the liquid supply system comprises an
outlet configured to remove liquid from the space and a gas
inlet configured to provide flushing gas in said space.
Flushing might be required every now and again due to
contamination of the liquid or perhaps during a long term
shut down of the apparatus. In this way, liquid may be
removed from the space and the space can be flushed with
gas. The shutter is then attached to the aperture to protect the
projection system.

In an embodiment, the liquid supply system is configured
to provide said liquid to a space between a final lens of said
projection system and said substrate.

According to an aspect, there is provided a device manu-
facturing method comprising:

providing an immersion liquid to a space between a
projection system and a substrate;

projecting a patterned beam of radiation, through said
liquid, onto a target portion of the substrate using the
projection system; and

maintaining said projection system in contact with liquid
after said substrate has been moved away from under said
projection system.

Although specific reference may be made in this text to
the use of the apparatus described herein in the manufacture
of ICs, it should be explicitly understood that such an
apparatus has many other possible applications. For
example, it may be employed in the manufacture of inte-
grated optical systems, guidance and detection patterns for
magnetic domain memories, liquid-crystal display panels,
thin-film magnetic heads, etc. The skilled artisan will appre-
ciate that, in the context of such alternative applications, any
use of the terms “reticle”, “wafer” or “die” in this text should
be considered as being replaced by the more general terms
“mask”, “substrate” and “target portion”, respectively.

In the present document, the terms “radiation” and
“beam” are used to encompass all types of electromagnetic
radiation, including ultraviolet radiation (e.g. with a wave-
length of 365, 248, 193, 157 or 126 nm).
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6
BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described, by
way of example only, with reference to the accompanying
schematic drawings in which:

FIG. 1 depicts a lithographic projection apparatus accord-
ing to an embodiment of the invention;

FIG. 2 depicts the liquid reservoir of a first embodiment
of the invention;

FIG. 3 depicts the liquid reservoir and substrate table of
the first embodiment of the invention;

FIG. 4 depicts the liquid reservoir, substrate table and
shutter member of a second embodiment of the invention;

FIG. 5 depicts the liquid reservoir, substrate table and
shutter member of the second embodiment of the present
invention;

FIG. 6 illustrates an alternative arrangement of the second
embodiment of liquid reservoir, substrate table and shutter
member of the present invention;

FIG. 7 illustrates a third embodiment of the present
invention;

FIG. 8 illustrates a variant of the third embodiment;

FIG. 9 illustrates an alternative liquid supply system
according to an embodiment of the invention; and

FIG. 10 illustrates, in plan, the system of FIG. 9.

In the Figures, corresponding reference symbols indicate
corresponding parts.

DETAILED DESCRIPTION

Embodiment 1

FIG. 1 schematically depicts a lithographic projection
apparatus according to a particular embodiment of the
invention. The apparatus comprises:

a radiation system Ex, 1L, for supplying a projection beam
PB of radiation (e.g. UV radiation), which in this
particular case also comprises a radiation source LA;

a first object table (mask table) MT provided with a mask
holder for holding a mask MA (e.g. a reticle), and
connected to first positioning means for accurately
positioning the mask with respect to item PL;

a second object table (substrate table) WT provided with
a substrate holder for holding a substrate W (e.g. a
resist-coated silicon wafer), and connected to second
positioning means for accurately positioning the sub-
strate with respect to item PL;

a projection system (“lens”) PL (e.g. a refractive lens
system) for imaging an irradiated portion of the mask
MA onto a target portion C (e.g. comprising one or
more dies) of the substrate W.

As here depicted, the apparatus is of a transmissive (e.g.
has a transmissive mask). However, in general, it may also
be of a reflective type, for example (e.g. with a reflective
mask). Alternatively, the apparatus may employ another
kind of patterning device, such as a programmable mirror
array of a type as referred to above.

The source LA (e.g. an excimer laser) produces a beam of
radiation. This beam is fed into an illumination system
(illuminator) IL, either directly or after having traversed
conditioning means, such as a beam expander Ex, for
example. The illuminator IL. may comprise adjusting means
AM for setting the outer and/or inner radial extent (com-
monly referred to as o-outer and o-inner, respectively) of the
intensity distribution in the beam. In addition, it will gen-
erally comprise various other components, such as an inte-
grator IN and a condenser CO. In this way, the beam PB
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impinging on the mask MA has a desired uniformity and
intensity distribution in its cross-section.

It should be noted with regard to FIG. 1 that the source LA
may be within the housing of the lithographic projection
apparatus (as is often the case when the source LA is a
mercury lamp, for example), but that it may also be remote
from the lithographic projection apparatus, the radiation
beam which it produces being led into the apparatus (e.g.
with the aid of suitable directing mirrors); this latter scenario
is often the case when the source LA is an excimer laser. The
current invention and claims encompass both of these sce-
narios.

The beam PB subsequently intercepts the mask MA,
which is held on a mask table MT. Having been selectively
reflected by the mask MA, the beam PB passes through the
lens PL., which focuses the beam PB onto a target portion C
of the substrate W. With the aid of the second positioning
means (and interferometric measuring means IF), the sub-
strate table WT can be moved accurately, e.g. so as to
position different target portions C in the path of the beam
PB. Similarly, the first positioning means can be used to
accurately position the mask MA with respect to the path of
the beam PB, e.g. after mechanical retrieval of the mask MA
from a mask library, or during a scan. In general, movement
of the object tables MT, WT will be realized with the aid of
a long-stroke module (course positioning) and a short-stroke
module (fine positioning), which are not explicitly depicted
in FIG. 1. However, in the case of a wafer stepper (as
opposed to a step-and-scan apparatus) the mask table MT
may just be connected to a short stroke actuator, or may be
fixed.

The depicted apparatus can be used in two different
modes:

1. In step mode, the mask table MT is kept essentially
stationary, and an entire mask image is projected at one time
(i.e. a single “flash™) onto a target portion C. The substrate
table WT is then shifted in the x and/or y directions so that
a different target portion C can be irradiated by the beam PB;

2. In scan mode, essentially the same scenario applies,
except that a given target portion C is not exposed in a single
“flash”. Instead, the mask table MT is movable in a given
direction (the so-called “scan direction”, e.g. the y direction)
with a speed v, so that the projection beam PB is caused to
scan over a mask image; concurrently, the substrate table
WT is simultaneously moved in the same or opposite
direction at a speed V=My, in which M is the magnification
of the lens PL (typically, M= or '5). In this manner, a
relatively large target portion C can be exposed, without
having to compromise on resolution.

FIG. 2 shows a liquid reservoir 10 between the projection
system PL and the substrate W which is positioned on the
substrate stage WT. The liquid reservoir 10 is filled with a
liquid 11 having a relatively high refractive index, e.g. water,
provided via inlet/outlet ducts 13. The liquid has the effect
that the radiation of the projection beam is a shorter wave-
length in the liquid than in air or in a vacuum, allowing
smaller features to be resolved. It is well known that the
resolution limit of a projection system is determined, inter
alia, by the wavelength of the projection beam and the
numerical aperture of the system. The presence of the liquid
may also be regarded as increasing the effective numerical
aperture. Furthermore, at fixed numerical aperture, the liquid
is effective to increase the depth of focus.

The reservoir 10 forms, in an embodiment, a contactless
seal to the substrate W around the image field of the
projection lens PL so that the liquid is confined to fill the
space between the substrate’s primary surface, which faces
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the projection system PL, and the final optical element of the
projection system PL. The reservoir is formed by a seal
member 12 positioned below and surrounding the final
element of the projection lens PL. Thus, the liquid supply
system provides liquid on only a localized area of the
substrate. The seal member 12 forms part of the liquid
supply system for filling the space between the final element
of the projection system and the substrate W with a liquid.
This liquid is brought into the space below the projection
lens and within the seal member 12. The seal member 12
extends a little above the bottom element of the projection
lens and the liquid rises above the final element so that a
buffer of liquid is provided. The seal member 12 has an inner
periphery that at the upper end closely conforms to the shape
of the projection system or the final elements thereof and
may, e.g. be round. At the bottom the inner periphery forms
an aperture which closely conforms to the shape of the
image field, e.g. rectangular, though this is not necessarily
s0. The projection beam passes through this aperture.

The liquid 11 is confined in the reservoir 10 by a seal 16.
As illustrated in FIG. 2, the seal is a contactless seal, i.e. a
gas seal. The gas seal is formed by gas, e.g. air or synthetic
air, provided under pressure via inlet 15 to the gap between
seal member 12 and substrate W and extracted by first outlet
14. The over pressure on the gas inlet 15, vacuum level on
the first outlet 14 and the geometry of the gap are arranged
so that there is a high-velocity gas flow inwards towards the
optical axis of the apparatus that confines the liquid 1 1. As
with any seal, some liquid is likely to escape, for example up
the first outlet 14.

FIGS. 9 and 10 also depict a liquid reservoir defined by
inlet(s) IN, outlet(s) OUT, the substrate W and the final
element of projection lens PL. Like the liquid supply system
of FIG. 2 the liquid supply system illustrated in FIGS. 9 and
10, comprising inlet(s) IN and outlet(s) OUT, supplies liquid
to a space between the final element of the projection system
and a localized area of the primary surface of the substrate.

As can be seen from FIGS. 2 and 9, during exposure, the
substrate W provides the bottom wall of the liquid reservoir
thereby containing the liquid in a space between the pro-
jection system PL and the substrate W.

FIG. 3 shows the substrate table WT according to a first
embodiment which can be used to avoid the necessity of
emptying liquid from the liquid reservoir once the substrate
W has been imaged and before being unloaded from the
substrate table WT. A shutter member 100 (also termed a
cover plate, edge seal member, gap seal means or member or
intermediary plate) is provided for this purpose. The shutter
member 100 is a surface other than a substrate surface, in
this case an upper (as illustrated) primary surface of the
substrate table WT which is substantially co-planar with the
upper primary surface of the substrate W and is closely
adjacent to the edge of the substrate W. The area of the
shutter member 100 is large enough so that if the substrate
table WT is moved such that the projection system PL and
seal member 12 are positioned over the shutter member 100
(as illustrated in dotted lines) the shutter member blocks the
entire aperture of the seal member 12 to prevent liquid
escaping through the aperture. In this position, the substrate
W can be removed from the substrate table WT using usual
substrate handling equipment. If the edge of the substrate W
is close to the edge of the shutter member 100 (i.e. the gap
between the substrate W, when positioned on the pimple
table or chuck or whatever holds the substrate W to the
substrate table WT, and the edge of the shutter member 100
is relatively small), there will be no sudden loss of liquid as
the edge of the substrate moves under the aperture in the seal
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member 12. The substrate table WT may be raised towards
the projection system to block the aperture so that the seal
16 can be deactivated.

Embodiment 2

A second embodiment is illustrated in FIG. 4 and allows
the substrate table WT to be moved completely away from
the projection system PL and seal member 12 in order for the
substrate W to be removed from the substrate table WT and
a new substrate to be placed on the substrate table WT. Thus
it can be used, for example, with dual stage machines.

In the second embodiment, a shutter member 150 is in the
form of a plate with a primary cross-sectional area larger
than that of the localized area or aperture in the seal member
12. The shape of the shutter member 150 may be any shape
so long as it covers the aperture. The shutter member 150 is
not a substrate and is movable relative to both the substrate
table WT and the seal member 12 and may be attached to the
seal member 12 by any means, two examples of which are
described below.

After imaging of the substrate W, the substrate table WT
is moved so that the shutter member 150 is positioned under
the aperture of the seal member 12. The gap between the
substrate W and the top surface of the substrate table WT and
the gap between the top of the substrate table WT and the top
surface of the shutter member 150 are small so there is no
catastrophic loss of liquid from the reservoir 10 while
passing over the gaps. The top (primary) surfaces (as illus-
trated) of the substrate W, substrate table WT between the
substrate W and the shutter member 150 and the shutter
member 150 are arranged to be substantially co-planar. Once
positioned under the projection system PL, the shutter
member 150 is attached to the bottom of the seal member 12
to cover the aperture. The seal member 12 is then moved
away from the substrate table WT in the Z direction (the
direction of the optical axis) or the substrate table WT is
lowered away from the seal member 12. The substrate table
WT may then be moved out of the way to a place where the
substrate W may be exchanged. Once a new substrate has
been loaded onto the substrate table WT and any necessary
alignment or other measurements (e.g. leveling) have been
made (e.g. in a dual stage machine), the substrate table WT
is moved to a position where the shutter member 150 may
be re-positioned onto the substrate table WT and then the
substrate table WT is moved such that the substrate W is
positioned under the projection system PL so that exposure
can begin.

Of course it may be possible to provide the shutter
member 150 on an object in the lithographic apparatus other
than the substrate table WT. For example, a robotic arm can
be provided which moves to position the shutter member
under the projection system after exposure.

The position of the shutter member 150 may drift over
time so that means for centering or at least keeping a track
of the position of the shutter member is useful. This may be
a mechanical or optical or electrical or other type of sensor
on the landing area of the shutter member on the substrate
table WT and/or such a sensor provided on the liquid supply
system (e.g. seal member 12). For such a system, a quartz
shutter member is desired, especially for an apparatus which
exposes at 193 nm. Alternatively or additionally, a through
lens sensor and detector that uses a reflected signal from a
marker on the shutter member 150 which signal is coupled
via a beam splitter to the detector is provided. Such a system
can be used while the substrate stage WT is moving, thereby
improving throughput. Alternatively or additionally, the
position of the shutter member may be measured by an
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optical sensor on the substrate table WT. In this case a mark
is applied to the underside or top side of the shutter member
150 (e.g. a transmissive pattern for the radiation wavelength)
and the position of the shutter member 150 may then be
measured by a sensor on the substrate table WT while the
projection system PL exposes the mark. The mark is trans-
missive to radiation from the projection system (or another
radiation source) and a transmission image sensor (T1S) or
spot-sensor which is on the substrate table WT can then be
used to measure displacement of the shutter member when
attached to the liquid supply system. Depending on the mark
design on the shutter member, the transmission image sensor
(TIS) or spot sensor that is already available in the substrate
table WT can be used. In this way, the apparatus can keep a
record of the drift in position of the shutter member over
time by sensing the position regularly, for example every
cycle or perhaps only every ten or one hundred cycles or
when is deemed necessary. Any necessary adjustments can
then be made.

Alternatively, a quad cell sensor can be mounted at the
center of the shutter member 150. An absorbing (or trans-
missive) spot is positioned in the center of the mirror block
so that when the shutter member 150 is positioned on the
substrate stage WT after use, its position can be measured.
The quad cell sensor is made up of four light sensitive cells
in a square. When the light beam is on center the outputs of
the four cells are equal. If the sensor drifts to one side, the
outputs of the cells on that side increase compared to the
cells or the other side. Thus any deviation from the desired
position can be corrected the next time the shutter member
150 is attached to the liquid supply system.

Another way of centering the shutter member 150, which
does not involve complicated positional sensing, is to pro-
vide the shutter member 150 with a shape which is self
centering when picked up by the liquid supply system. A
suitable example might be a thicker shutter member 150
than is needed with a conical edge that locates in the aperture
of the liquid supply system.

FIG. 5 illustrates one way of attaching the shutter member
150 to the underside of the seal member 12. This method
usefully makes use of the seal 16 of the seal member 12. The
outlet 14 is energized and the (gas) inlet 15 is not energized
when the shutter member 150 is positioned under the
aperture. The vacuum provided in the outlet 14 is enough to
attract the shutter member 150 to be clamped to the bottom
of the seal member 12 thereby sealing the aperture. When
the shutter member 150 is replaced on the substrate table
WT, the seal 16 can be reactivated to operate as normal and
the substrate table WT moved to the expose position. The
shutter member 150 may be held on the substrate table WT
by use of vacuum outlet 157 connected to a vacuum source
through a duct 155. To avoid or reduce immersion liquid
leakage under the shutter member 150, a (annular) channel
158 is provided around the vacuum outlet 157. The channel
158 is connected via a duct 159 to a vacuum source so that
any liquid is removed by the flow of gas through the channel
158 caused by the vacuum. It might be advantageous to have
a flow of gas in the channel 158, even when the shutter
member 150 is in place. To this end a duct 156 open at a
surface, for example the top surface of the substrate table
WT, and connected to the channel 158 can be provided on
a side substantially opposite to the duct 159 leading to the
vacuum source. In the second embodiment, the seal 16 need
not be activated while the shutter member 150 is positioned
to cover the aperture but, in an embodiment, is activated.

An alternative means for holding the shutter member 150
to the substrate table WT and means for attaching the shutter
member 150 to the seal member 12, is illustrated in FIG. 6.
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In this embodiment the shutter member 150 is made of a
ferromagnetic material (or partly of ferromagnetic material
by making an assy) such that magnets 160, 170 (in an
embodiment, electromagnets for easy attachment and
detachment) positioned on the seal member 12 and substrate
table WT may be used to hold the shutter member 150 in
position against the seal member 12 and substrate table WT
respectively. By keeping seal 16 activated, loss of liquid can
be minimized. The channel 158 and duct 156, 159 arrange-
ment described in relation to the FIG. 5 embodiment may
also be employed in the FIG. 6 embodiment to reduce or
alleviate liquid leakage under the shutter member 150.

The shutter member 150 should be held by at least one of
the substrate table WT and the seal member 12 so that the
shutter member 150 is under control.

As it is further illustrated in FIG. 6, it may be desirable to
remove liquid 11 from the reservoir 10 during substrate
exchange. This is done by extracting the liquid either
through the outlet 14 or the outlet duct 13 (see, e.g., FIGS.
5 and 2 respective) and then flushing the space with gas
provided through a further gas inlet 17. This might be done
for maintenance and the lens may need to be cleaned after
this process.

Of course, features from both FIGS. 5 and 6 can be
combined.

Embodiment 3

A third embodiment is the same as the second embodi-
ment except as described below. The third embodiment is
illustrated in FIG. 7 and differs from the second embodiment
in that the shutter member 150 is placed within the seal
member 12. The similarity with the second embodiment lies
in the fact that the shutter member is separate from the
substrate table WT. The shutter member 150 can be moved
from any resting position to block the aperture by being
moved under the projection system PL through channels 250
in the seal member 12.

The shutter member 150 may either be separate from the
seal member 12 and moved into the seal member 12 at the
required time by a robotic arm, for example, or the shutter
member may have a series of leafs 300 as illustrated in FIG.
8. The leafs 300 work like a shutter of a camera in that the
leafs can be moved such that they do not obstruct the
aperture but, when the plurality of leafs are moved to abut
at the center of the aperture they thereby block the aperture.

The embodiments herein have been described in relation
to the seal member variant of the localized area solution.
However, the embodiments as described herein are equally
applicable to any other type of liquid supply for example
those disclosed in FEuropean Patent application nos.
03254078.3 or 03256643.2 hereby incorporated in their
entirety by reference or to the variant illustrated in FIGS. 9
and 10. For example, in the case of a shutter member 150
moveable relative to both the substrate table WT and the
projection system PL, means for attaching the shutter mem-
ber below the in- and outlets IN, OUT may be attached to the
members forming the in- and out-lets IN, OUT, or to a
separate structure. Additionally or alternatively, the vacuum
of the outlets OUT can be used to attract the shutter member
to the IN-and outlets IN, OUT and thereby seal the aperture.
It may be desirable to use a non-flat shutter member e.g. one
with a protruding border so that any drips of liquid from the
various in-and out-lets are contained. Any system for gen-
erating a force can be used for the means for attaching,
including low pressure sources, magnetic means, mechani-
cal means, electro static means, etc.
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While specific embodiments of the invention have been
described above, it will be appreciated that the invention
may be practiced otherwise than as described. The descrip-
tion is not intended to limit the invention.

What is claimed is:

1. A lithographic projection apparatus comprising:

a support structure configured to hold a patterning device,
the patterning device configured to pattern a beam of
radiation according to a desired pattern;

a substrate table configured to hold a substrate;

a projection system configured to project the patterned
beam onto a target portion of the substrate;

a liquid supply system configured to provide an immer-
sion liquid, through which said beam is to be projected,
in a space between said projection system and a local-
ized area of said substrate, said liquid supply system
extending along at least part of a boundary of said
localized area; and

a shutter configured to keep said projection system in
contact with liquid when said substrate is moved away
from under said projection system.

2. An apparatus according to claim 1, wherein said shutter
is positionable on a side of said supply system opposite said
projection system such that liquid can be confined in said
liquid supply system and between said projection system
and said shutter.

3. An apparatus according to claim 2, wherein said shutter
comprises a surface of said substrate table.

4. An apparatus according to claim 1, wherein the liquid
supply system comprises a liquid confinement structure
extending along at least a part of the boundary of said space
between the projection system and the substrate table and
wherein said shutter, when keeping said projection system in
contact with liquid, is positioned in said structure.

5. An apparatus according to claim 1, wherein the shutter
is retractable within the liquid supply system.

6. An apparatus according to claim 1, wherein the shutter
includes a plurality of members that are movable between a
first position in which the liquid contacts the substrate and
a second position in which the liquid is out of contact with
the substrate.

7. An apparatus according to claim 1, wherein a surface of
the localized area contacted by the liquid is smaller than a
surface of the projection system contacted by the liquid.

8. An apparatus according to claim 1, wherein said liquid
supply system comprises at least one inlet to supply said
immersion liquid onto the substrate and at least one outlet to
remove said immersion liquid after said liquid has passed
under said projection system.

9. A device manufacturing method comprising:

providing an immersion liquid to a space between a
projection system and a localized area of a substrate;

projecting a patterned beam of radiation, through said
liquid, onto a target portion within the localized area of
the substrate using the projection system; and

maintaining said projection system in contact with the
liquid when said substrate comes out of contact with
the liquid.

10. A method according to claim 9, wherein maintaining
said projection system in contact with liquid comprises
positioning a shutter on a side opposite said projection
system such that liquid is confined between said projection
system and said shutter.

11. A method according to claim 10, wherein said shutter
comprises a surface of a substrate table.

12. A method according to claim 10, wherein said shutter
is separable from the remainder of a lithographic apparatus,
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the method further comprising releasably attaching said
shutter to a liquid supply system used to provide said
immersion liquid to said space.

13. A method according to claim 12, wherein releasably
attaching comprises attaching said shutter using at least one
of magnetic force and vacuum.

14. A method according to claim 10, comprising measur-
ing a position of said shutter using a guide mark.

15. A method according to claim 10, wherein said shutter,
when keeping said projection system in contact with liquid,
is positioned in a structure of a liquid supply system used to
provide said immersion liquid to said space.

16. A method according to claim 10, comprising moving
a substrate table towards a liquid supply system used to
provide said liquid, moving at least a portion of said liquid
supply system towards said substrate table, or both, so that
the shutter confines liquid in said liquid supply system.

14

17. Amethod according to claim 10, comprising removing
liquid that leaks from between said projection system and
the shutter.

18. A method according to claim 9, comprising removing
liquid from said space and flushing said space with a gas.

19. A method according to claim 9, wherein providing
said immersion liquid comprises supplying said immersion
liquid onto the substrate through at least one inlet and
removing said immersion liquid, after said liquid has passed
under said projection system, through at least one outlet.

20. A method according to claim 9, comprising providing
said liquid to a space between a final lens of said projection
system and said substrate.

21. A method according to claim 9, wherein said main-
taining comprises maintaining said projection system in
contact with liquid after said substrate has been moved away
from under said projection system.
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